
JB
B

- 1
7/12/96

A
ltitude for PP/R

elay O
rbit L

ifetim
e 

Status

•
E

rror in code for long orbit propagation of m
ean elem

ents (PO
L

O
P) 

corrected

–
effect of error w

as to underestim
ate drag (overestim

ate lifetim
e)

–
error discovered by run of slow

er high precision code (PO
H

O
P)              

for verification of PO
L

O
P runs

•
PO

L
O

P speed necessary for “trinom
ial” analysis to m

inim
ize 

altitude  (PO
H

O
P for refinem

ent &
 verification of final results)

•
A

n overly conservative choice of the long-term
 average atm

ospheric 
density at the m

odel reference altitude from
 the range of values 

available in the M
ars O

bserver m
odel w

as reduced by a factor of tw
o

–
effect of previous high value w

as to overestim
ate drag

•
Shorter R

elay Phase requires longer (uncontrolled) orbital lifetim
e and 

therefore higher altitude (46.5 vs. 44 years)
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•

B
est values (PO

H
O

P) :  427 km
 (46.5 yr. b/l)   &

   419 km
 (44 yr.)

•
Pertinent R

esults

–
PO

L
O

P overestim
ates drag to yield a required altitude about 4 km

 
higher than the slow

er m
ore accurate PO

H
O

P

–
the extra 2.5 years of lifetim

e required for the short R
elay Phase 

(b/l) costs an additional 8 km

–
a density factor of 2 (or a ballistic param

eter factor of 2 in the 
opposite sense) costs about 32 km

•
O

ngoing E
fforts

–
S. B

ougher (U
. A

rizona) w
ill provide new

 best long-term
 average 

density at reference altitude and scale height

•
early response is density m

ay be slightly low
er
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•

O
utstanding Issues of A

nalysis

–
w

hat is acceptable conservatism
 in choice of  long-term

 average 
density and the m

agnitude of tem
poral variability?

–
scale height variation w

ith altitude (both the gradual variation at 
high altitudes early in lifetim

e and the abrupt variation at low
er 

atm
ospheric boundaries)

–
w

hat is required conservatism
 in m

eeting PP requirem
ent?
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•

O
ther A

pproaches

–
as part of S/C

 shutdow
n (at real end of m

ission), reconfigure for 
m

inim
um

 w
orst-case (vs. attitude) drag area or for m

inim
um

 
average (over attitude) drag area, w

ith tum
bling ensured

•
essentially turn solar panels norm

al to each other and norm
al 

to largest bus area (also consider H
G

A
); attain ~11 m

2

•
since current ballistic coefficient corresponds to 17.02 m

2, 
could save about a factor of 1.5 on density or  ~20 km

 in alt.

•
R

ecom
m

endations

–
plan for 427 km

 (b/l R
elay Phase) (use B

ougher results for m
argin)

–
L

M
A

 study term
inal reconfiguration and ballistic coefficient 

–
PO

H
O

P to verify m
argin at 427 km

 w
ith new

 ballistic coefficient 


